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HOLDING POWER OP ANCHOR BOLTS
The h o ld in g  power o f anchor b o l t s  in  s to ne  has n o t been i n v e s t i ­
g a te d  as th o ro u g h ly  as the  im portance o f the  s u b je c t  j u s t i f i e s .
A v e ry  c a re f u l  sea rch  th rough  e n g in e e rin g  l i t e r a t u r e  re v e a le d  the 
r e s u l t s  o f  only fo u r s e t s  o f  e x p e rim en ts , and these r e s u l t s  d id  
n o t ag re e  among them selv es a t  a l l  c lo se ly *  These ex p erim en ts  w i l l  
be d is c u s se d  l a t e r  in  t h i s  p a p e r.
Owing to  the d e a r th  o f  a c c u ra te  in fo rm a tio n  on t h i s  s u b je c t ,  the 
w r i t e r  made a  s e r i e s  o f  t e s t s  to  de term ine the  h o ld in g  power o f 
l e a d ,  su lp h u r and cement. P la in ,  th read ed  and no tched  b a rs  were 
fa s te n e d  in  s to ne  b lo c k s , and th en  p u lle d  o u t w ith  a t e s t i n g  mach­
in e .  In  a l l  fo r ty - tw o  ex p erim en ts  were made. These r e s u l t s  a re  
d is c u s s e d  to  f in d  th e  h o ld in g  power o f each cem enting m a te r ia l ,  
and f o r  each form  o f  b o l t .
The t e s t s  were made in  the  L ab o ra to ry  o f A pplied  M echanics o f 
th e  U n iv e rs i ty  o f I l l i n o i s ,  on a  R h e lie  t e s t i n g  m achine, wM-ch 
i s  so c o n s tru c te d  th a t  the s to n es  could  be l a i d  on top' -of ^ th s ':
machine aid the s t r e s s  a p p lie d  downward# T his fe a tu re  o f  the 
machine was a  g r e a t  convenience because the  s iz e  and shape o f the 
s to n e s  was th e n  n o t l im i t e d .
The s to n e s  used were B edford  and J o l i e t  l im e s to n e . The B edford 
s to n e s  were i r r e g u l a r  in  shap e , and v a r ie d  in  th ic k n e s s  from fo u r 
to  tw elve inches*  These s to n e s  were s a t i s f a c to r y  as lon g  as the 
t o t a l  s t r e s s  was below 14 ,000  to  15,000 pounds; b u t above t h i s  
th e  s to n e s  would s p l i t .  The J o l i e t  s to n e s  were 6" x 22" x 22" 
which had been d re s se d  f o r  the to p s  o f masonry p i e r s ;  and in  every  
way proved s a t i s f a c t o r y ,  showing no s ig n  o f b re a k in g  w ith  a s t r e s s  
o f  40 ,000  pounds.
The h o le s  in  the  s to n e s  were made w ith  1 l / 4 ,  and 1 l / 2  in ch  
h a n d - d r i l l s .  The h o le s  were about one e ig h t  o f  an in ch  l a r g e r  
th an  the  d r i l l s ,  and were as round and smooth as  the o rd in a ry  ru n  
o f  h a n d - d r i l le d  h o le s .
The b o l t s  used were e i t h e r  th r e e - q u a r te r  o r o n e-in ch  round 
s t e e l  b a r s ,  and were used  sm ooth, th re a d e d ,a n d  n o tch e d . The 
th re a d e d  b o l t s  had s ta n d a rd  th re a d s  cu t on them. The in d e n ta t io n s  
o f  th e  no tched  b o l t s  were made by h o ld in g  the  rod a g a in s t  the  
round co rn e r o f  an emery s to n e , and were th r e e - s ix te e n th s  o f  an 
in ch  deep by f iv e - e ig h t s  a c ro s s .
B o lts  F asten ed  in  Cement.
Table 1 , page 5,g iv es  the r e s u l t s  o f tw elve ex perim en ts  w ith  
smooth b o l t s  in  n e a t cement m o rta r seven days o ld .  The amount
o f w a te r  in  the cement was v a r ie d  from 25 to  38 p e r  c e n t ,  i . e .
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from a  s t i f f  m o rta r to  a th in  g ro u t; b u t  a p p a re n tly  th e  r e s i s ta n c e  
was n o t e f f e c te d  by th e  amount o f w a te r in  the cem ent. The mean 
r e s i s ta n c e  fo r  th e  tw elve ex perim en ts  was 106 pounds p e r  square 
in ch  o f  su rfa c e  o f c o n ta c t .
Table 2 , page 6 , g iv e s  th e  r e s u l t s  o f th re e  ex perim en ts  w ith  
no tched  and fo u r wib th read ed  b o l t s  in  n e a t  cem ent. The no tched  
b o l t s  were allow ed  to  s e t  seven days b e fo re  be in g  p u l le d .  As the 
number o f  n o tc h e s  in c re a se d  the r e s i s ta n c e  in c re a s e d . The mean 
v a lu e  f o r  the th re e  was 336 pounds p e r square  in c h . Two o f the  
th re a d e d  b o l t s  were th r e e - f o u r th s  o f an inch  in  d iam ete r w ith  
te n  th re a d s  to  the  in c h , and the o th e rs  were one inch  in  d iam ete r 
w ith  e ig h t  th re a d s  to  the  in c h . One b o l t  o f each s iz e  was a llo w ­
ed to  s e t  seven days, and the o th e r  two fo u r te e n  d ay s . The r e s i s ­
tance  p e r  square in ch  fo r  th e  two which s e t  seven days was 585 
pounds p e r  square  in c h , and fo r  the two which s e t  fo u r te e n  days 
a  r e s i s ta n c e  o f  832 pounds p e r square in c h . A f te r  the  o n e-in ch  
b o l t  which had s e t  fo r  fo u r te e n  days had s t a r t e d ,  the beam was 
k ep t b a la n c ed  u n t i l  the  b o l t  had been p u lle d  ou t over h a l f  way, 
and showed a  t o t a l  r e s i s ta n c e  due to  th e  f r i c t i o n  o f the cement 
o f  about 2000 pounds.
B o lts  F asten ed  w ith  S u lp h u r.
Table 3 , page 7 ,  g iv e s  the  r e s u l t s  o f the th re e  k in d s  o f b o l t s  
fa s te n e d  w ith  su lp h u r . Only one experim ent each , was made w ith  
the  n o tch ed  and smooth b o l t s .  The no tched  b o l t  gave a r e s i s ta n c e
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o f 328 pounds p e r  square in c h , and the smooth b o l t  200 pounds p e r  
square  in c h . The th read ed  b o l t s  in  su lp h u r gave the  b e s t  r e s u l t s  
o f  any in  th e  whole s e r i e s .  The mean o f seven ex perim en ts  was 
1515 pounds p e r  square in c h . Two o f the s to n e s  broke b e fo re  th e  
b o l t  s t a r t e d ,  and ta k in g  th e  mean o f  the r<emaining f iv e  g iv e s  a  
r e s i s ta n c e  o f 1649 pounds p e r  square in c h . W ith one o f the exper­
im en ts , number 36, a f t e r  th e  b o l t  had been p u l le d  ou t about one 
in c h , the  beam was k e p t b a lan ced  and the b o l t  h e ld  betw een 12 ,000  
and 14 ,000  pounds and th en  gave way about h a l f  an  inch w ith  a 
sudden j a r .  T h is was k ep t up u n t i l  the  b o l t  had been p u lle d  out 
about fo u r  in c h e s ; and when i t  had about one and a h a l f  in ch es  
l e f t  i n  the  su lp h u r, the  b o l t  h e ld  about 3500 pounds.
B o lts  F asten ed  w ith  Lead.
Table 4 , page 8 , shows what can be ex p ec ted  from b o l t s  f a s t e n ­
ed w ith  l e a d .  The smooth b o l t s  developed  a  r e s i s ta n c e  o f  167 
pounds p e r  square in c h , a  mean o f  f iv e  e x p e rim en ts . One n o tched  
b o l t  gave a  r e s i s ta n c e  o f 460 pounds, and the th read ed  showed a 
r e s i s ta n c e  o f 903 pounds, a mean o f s ix  e x p e rim en ts .
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TABLE 1
Smooth B o lts  in  Neat Cement Seven Days Old.
No.o fExp.
Dim ensions o f the B o lts S1;re s s P er Cent o fW aterD iam eter Length A rea T o ta l l b .  p e r sq . i n .
2 1" 7" 22" 4430 201 34
3 1 6 18 .5 2400 130 34
4 1 5 3 /4 18 3050 170 34
5 1 5 3 /4 18 1000 55 36
6 1 6 18 .5 800 49 36
11 1 5 3 /4 18 1120 62 38
12 1 6 18 .5 1340 74 38
7 3/4" 5 3 /4 13 .5 1176 87 28
8 3 /4 6 14 .1 1110 79 28
9 3 /4 7 16 .5 1850 125 30
10 3 /4 4 9 .4 1230 195 25
18 3/4 12 28 .2 1400 50 27
Mean 106
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TABLE 2
T hreaded ,and  Notched B o lts  
In
N eat Cement.
No. Dim ensions o f B o lts No. o f S tre s s P er Cent Dayso fExp. Diam. Length A rea Threads T o ta l
l b .  p e r sq . i n . W ater S e t .
25 1" l l . l " j l 8 9500° 855 30 7
40 1 6 18 .5 8 18000 973 28 14
27 3 /4 6 14 .1 10 4450 316 28 7
41 3/4 6 14 .1 10 9000 690 27
# 14
19 3 /4 6 14 .1 Notched 4270 303 30 7
2 3/4 5 3 /4 13 .5 ft 4550 347 30 7
26 3/4 12 28 .2 ft 10100 358 27 7
Mean 336
HI
* Threaded 3 l / 2  in c h e s . 
§ Area fo r  3 l / 2 "  o n ly .
0 Stone b ro k e .
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TABLE 3
T hreaded, Smooth,and Notched B o lts
In
S u lp h u r.
No.o fExp.
Dimensions o f B o lts No. o f 
Threads
S tre s s
Diam. Length Area T o ta l l b .  p e r sq . i n .
29 1" 5 3 /4 ” £ccH 8 21900* 1220
31 1 6 18 .5 8 21600* 1165
32 1 4§ HI•HH 8 9400 847
34 1 6 18 .5 8 29000 1570
35 1 6 18 .5 8 33600 1815
36 1 6 18 .5 8 40000 2160
38 1 6 18 .5 8 34500 1865Mean 1647
28 1 6 18 .5 Smooth 3700 200
30 1 4 13 Notched 4150 328
* Stone s p l i t  
§ Threaded 3 l / 2  in c h e s .
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TABLE 4
T hreaded, Smootht and Notched B o lts
in
Lead.
No.o fExp.
Dim ensions o f B o lts No. Of 
Threads
S tr e s s
Diam. Length Area T o ta l l b .  p e r sq . in .
22 3 /4 ” 6" 14 .1" 10 11500 815
33 3 /4 6 14 .1 10 15000 1080
37 3/4 6 14 .1 10 14000 993
25 1 4 13 8 9200 708
24 1 4 13 8 9200 708
39 1 6 18 .5 8 17000 919Mean 903
13 3 /4 7 16 .5 Smooth 2400 145
17 3 /4 4 9 .4 ft 1740* 185
14 1 4 13 ft 1515 116
15 1 7 22 ft 3200 150
16 1 4 13 ft 3150 241Mean 167
21 1 6 1 8 .5 Notched 8500 460
* Stone s p l i t .
8
D isc u ss io n  of the E x perim en ts .
In  a l l  o f  the ex p erim en ts  w ith  cement and su lp h u r th e re  d id  n o t 
ap p ear to  be any y ie ld in g  o f the b o lt  u n t i l  the s t r e s s  had reach ed  
about th re e  fo u r th s  o f  the maximum and even th en  th e  y ie ld in g  was 
v e ry  s l i g h t  u n t i l  th e  maximum s t r e s s  was re a c h e d . W ith the  b o l ts  
in  cem ent, th e re  was no j a r  or je rk  in  s t a r t i n g .  With su lp h u r , 
when the  maximum s t r e s s  was re ach ed , the b o l t  would g ive  way from 
one e ig h t  to  a q u a r te r  o f  an inch  wiii a v e ry  sudden j a r ;  and th en  
i t  would re q u ire  a lm ost as h igh  a  s t r e s s  to  s t a r t  i t  ag a in  as  a t  
f i r s t .  The b o l t s  in  le a d ,  e s p e c ia l ly  the th read ed  and n o tch e d , 
had q u ite  a p e rc e p t ib le  movements as soon as  the  s t r e s s  was a p p l i ­
ed , as  i f  th e  le a d  was coming to  a firm  b e a r in g  a g a in s t  the  s to n e . 
The th read ed  b o l t s  in  le a d  p u lle d  th e  le a d  ou t o f the s tone p a r t  
o f  the tim e and p a r t  o f  th e  tim e  p u lle d  out o f  th e  le a d .  A ll o f 
the  b o l t s  in  cement and su lp h u r p u lle d  ou t o f  the cem enting ma­
t e r i a l .
Care was n e c e ssa ry  in  m e ltin g  th e  su lp h u r to  see th a t  i t  d id  
n o t g e t too  h o t .  The m e ltin g  p o in t  o f su lp h u r i s  j u s t  above the 
b o i l in g  p o in t  o f  w a te r ,  and the  su lp h u r a t  t h i s  tem p era tu re  i s  a 
th in  s tra w -c o lo re d  l i q u i d .  A very l i t t l e  a d d i t io n a l  h e a t ,  a f t e r  
i t  i s  m e lte d , causes  i t  to  th ic k e n  up so th a t  i t  w i l l  h a rd ly  ru n .
In  s e v e ra l  o f the ex perim en ts  w ith  le a d ,  th e  le a d  was h e a te d  very  
h o t ,  and th i s  seemed to  add to  the r e s i s ta n c e  o f th e  b o l t ;  b u t n o t
enough ex p erim en ts  were made to  prove t h i s  c o n c lu s iv e ly .9
From th e  p rec e d in g  ex p e rim en ts , the w r i t e r  th in k s  i t  i s  s a fe  
to  say t h a t  su lp h u r i s  by f a r  the  b e s t  o f t h e  th ree  su b s ta n c e s  
u sed ; i t  g iv e s  a much h ig h e r  r e s i s ta n c e ,  and a f t e r  i t  has been 
s t a r t e d  th e  f r i c t i o n  i s  much l a r g e r  than  t h a t  developed w ith  
e i t h e r  le a d  o r cem ent. The cement one week o ld  d id  n o t show 
q u ite  as  h igh  r e s i s ta n c e  as le a d ;  b u t i t  i s  the o p in io n  o f the 
w r i t e r  th a t  the cement w i l l  be found more r e l i a b l e  th an  le a d  
where i t  can be allow ed  time to  s e t  f irm ly  b e fo re  the  s t r e s s  i s  
a p p l ie d .
Comparison w ith  o th e r  E x perim en ts .
The w r i t e r ’ s r e s u l t s  d i f f e r  c o n s id e ra b ly  from tho se  o f o th e r  
ex p e rim en ts  made a lon g  t h i s  l i n e ,  b u t w ith  the e x c e p tio n  o f the 
ex p e rim en ts  made a t  S t .  Mary’ s F a l l  C anal, none o f the men made 
more th an  th re e  o r fo u r  ex perim en ts  w ith  each k in d  o f cem enting 
m a te r i a l .
Mr. F o b e rt Moore* w ith  one smooth b o l t  s e t  te n  days in  H a r r is  
P o r t la n d  cement go t a r e s i s ta n c e  o f about 900 pounds p e r  square 
in c h , and w ith  one experim en t w ith  a th read ed  b o l t  o b ta in e d  a 
l i t t l e  l e s s  than  with the  smooth b o l t .  In  b o th  ca se s  the s to ne  
broke b e fo re  the b o l t  s t a r t e d .  The w r i t e r  cou ld  g e t on ly 106 
pounds p e r  square  inch  w ith  smooth b o l t s .  I t  was tho ugh t t h a t
* E n g in e e rin g  R ecord , V ol. 23, p . 209
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p o s s ib ly  th e  cement which Mr. Moore used expanded in  s e t t i n g .  
Three P o r t la n d s  and two n a tu r a ls  were te s te d  to  f in d  one w hich 
would expand in  s e t t i n g ;  b u t each o f the  cements te s te d  showed 
s ig n s  o f s l i g h t  c o n tra c tio n  on s e t t i n g  in  a t e s t  tu b e .
*In  a  s e r i e s  o f ex perim en ts  w ith  lead  and su lp h u r , Mr. E . F .
i
Miner* found a  r e s i s ta n c e  w ith  su lp h u r o f about 900 pounds p e r  
square in ch  -  about 60 p e r  ce n t o f th a t  o b ta in e d  by the  w r i t e r ;  
and s u b s t a n t i a l l y  the  same r e s u l t s  w ith  le a d  as o b ta in ed  by th e  
w r i t e r .
An e x p e rim en te r s ig n in g  h im se lf  A.A.S§, w ith  cement a t  two 
weeks o ld  found a r e s i s ta n c e  o f betw een 400 and 500 pounds p e r 
square in ch  o f s u r fa c e  -  w ith  b u t l i t t l e  d i f f e r e n c e  betw een 
th read ed  and smooth b o l t s  -  and only about 50 o r 60 p e r  c e n t  as 
much as o b ta in e d  by the w r i t e r  w ith  th read ed  b o l t s .
In  a  v e ry  e x te n s iv e  s e r i e s  o f ex p erim en ts  a t  the  S t.  Mary’ s 
P a l l  C anal, under the d i r e c t io n  o f Mr. E. S. W heeler#, rods 
s e t  fo r  one month in  a m o rta r  made of one p a r t  P o r t la n d  cement 
and two p a r t s  lim e sto n e  sc re e n in g s  gave a  r e s i s ta n c e  o f about 
500 pounds p e r  square in c h . The rods in  th e se  ex perim en ts  were
* E n g in ee rin g  R ecord, V ol. 26, p .4 3
§ R e p rin te d  f r a n  the P o ly te c h n ic  (Troy) in  E n g in ee rin g  News, V ol. 
24, p .5 3 , and the  E n g in ee rin g  Record V ol. 22 .
#  R eport o f C h ief o f E n g in ee rs  U .S.A . 1895, p a r t  IV p .2907-2904-41
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square  and round , and o f  d i f f e r e n t  s i z e s .  I t  was decided  th a t  
th e  s iz e  and shape d id  n o t e f f e c t  th e  r e s u l t s .  The ex perim en ts  
by the  w r i t e r  seem to  ag ree  w ith  t h i s  c o n c lu s io n , a t  l e a s t  fo r  
th e  two s iz e s  u se d . S e v e ra l smooth round b o l t s  s e t  in  n e a t cement 
m o rta r fo r  one month gave a r e s i s ta n c e  o f 315 pounds p e r  square  
in c h . The time was so much lo n g e r w ith  th ese  ex perim en ts  th an  
w ith  th o se  made by the  w r i t e r ,  th a t  no s a t i s f a c t o r y  com parison 
can be made betw een them .
The w r i t e r  r e g r e t s  th a t  owing to  th e  la c k  o f t i r e  and to  the 
l im i te d  number o f  s to n e s  which were a t  h is  d is p o s a l  in  the  b e g in -  
in g , i t  was im p o ssib le  to  make a  more e x te n s iv e  s e r i e s  o f e x p e r i ­
m en ts, e s p e c ia l ly  w ith  cem ent. He b e le iv e s  th a t  w ith  the  ex­
c e p tio n  o f  those  made a t  the  S t .  M ary 's P a l l s  C anal, t h i s  i s  the  
most e x te n s iv e  s e r i e s  o f ex perim en ts  made on t h i s  s u b je c t .  The 
ex p e rim en ts  were made w ith  the g r e a te s t  p o s s ib le  c a re , and a re  
h e re  p re s e n te d  w ith  the hope th a t  they  may be u s e fu l  to  the 
e n g in e e r in g  p r o f e s s io n .
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